Mycoplasma pneumoniae plays an important role in community-acquired pneumonia. However, epidemiological and clinical studies on the segmental/lobar pattern (S/L) radiographic-pathologic subtype of pediatric Mycoplasma pneumoniae pneumonia (MPP) are rare. The current study retrospectively analyzed the epidemiological and clinical characteristics of pediatric MPP patients. A total of 1,933 children with MPP received treatment at a single hospital between 2000 and 2009, of which 684 (35.4%) were diagnosed with S/L-MPP. The annual incidence of S/L-MPP in children with MPP increased throughout the duration of this study (from 6.4 to 59.6%, P<0.001), which was particularly evident after 2003. S/L-MPP was predominantly found in pre-school-aged children (4-6 years old; 56.6%). Compared with non-S/L-MPP, S/L-MPP was more closely associated with severe manifestations, including higher rates of fever (90.2 vs. 83.3%), pleural effusion (3.9 vs. 1.3%), extrapulmonary manifestations (26.2 vs. 21.2%), abnormal white blood cell counts (65.5 vs. 55.2%), abnormal C-reactive protein levels (30.9 vs. 23.7%) and bacterial co-infection (32.0 vs. 24.9%), as well as longer durations of fever (4.13±4.28 vs. 3.02±2.22 days) and hospitalization (12.70±4.54 vs. 9.22±5.12 days). Older S/L-MPP patients showed higher rates and longer durations of fever and cough; however, they also displayed a lower rate of extrapulmonary manifestations when compared with younger patients. In conclusion, the annual incidence of S/L-MPP has increased in recent years. Pre-school-aged children (4-6 years) with MPP are more likely to display a segmental/lobar pattern, which is associated with more severe clinical manifestations than other MPP infection patterns.
Introduction
Mycoplasma pneumoniae is responsible for 15-20% of all cases of community-acquired pneumonia (CAP) (1) (2) (3) , which is the main cause of hospitalization and mortality in Chinese children (4) . M. pneumoniae is a common cause of pneumonia in older children and adolescents (3, (5) (6) (7) (8) ; however, contrary to previous thought, the incidence of M. pneumoniae pneumonia (MPP) is also high among patients <1 year of age and among patients between 1 and 4 years of age (6) (7) (8) (9) .
The classical radiological presentations of MPP include lobar/segmental air-space consolidation and diffuse tiny centrilobular nodules and bronchovascular thickening (10) (11) (12) (13) . Previous studies have proposed that lobar alveolar consolidation is rare or infrequent in pediatric MPP patients (14, 15) . However, other reports have suggested that lobar consolidation may occur more frequently than was generally recognized (16, 17) . The lobar/segmental pattern is considered to account for 17-76.5% of pediatric MPP cases (6, (16) (17) (18) (19) . Severe MPP often shows segmental or lobar infiltrates in one or more lobes (20) , which, taken in the context of the estimated prevalence of MPP in pediatric patients, suggests that the lobar/segmental pattern is an important pathological category in pediatric MPP. However, large-scale, population-based epidemiological and clinical research studies analyzing segmental/lobar MPP remain rare.
In the present study, the epidemiological and clinical features of segmental/lobar pattern MPP were retrospectively analyzed in hospitalized children from 2000 to 2009 to improve the understanding of the prevalence and exploitable therapeutic characteristics of pediatric MPP. (20) if tests satisfied the criteria for LP and MPP, which is also characterized as air-space disease (10); and iv) non-segmental/lobar pattern M. pneumoniae pneumonia (non-S/L-MPP) if patients presented with MPP but did not fit the criteria for S/L-MPP. The non-S/L-MPP category included patients with pulmonary perihilar linear opacities or infiltrates or reticulonodular infiltrates by chest radiography, as well as patients with an interstitial and bronchial pattern of MPP.
Patients and methods

Patients. Weifang Maternal and Child Health
A total of 18,739 patients with pneumonia were admitted during the period of study, of which 7,319 were enrolled in this study. Data were collected regarding age, gender, clinical signs and symptoms, laboratory and radiological findings, treatment, complications and duration of hospitalization. Microflora were also detected using nasopharyngeal swab or sputum specimens by culturing and processing in accordance with standard microbiological procedures. A qualitatively indirect serum agglutination assay based on the Gold-labeled Immunologic Filtration Assay (GIFA; Kanghua Biotech Co., Ltd., Weifang, China) was used to detect serological M. pneumoniae IgM (22, 23) .
The clinical features of the S/L-MPP patients were evaluated according to age in the following groups: ≤3 years of age (infants and young children), 4-6 years of age (pre-school-aged children), and ≥7 years of age (school-aged children). The clinical and laboratory findings were compared according to the pneumonia pattern. This study was approved by the Institutional Review Board of Weifang Maternal and Child Health Hospital, and written informed consent was obtained from the guardians of the patients.
Statistical analysis. Statistical analyses were performed using the Statistical Package for the Social Sciences for Windows version 11.5 (SPSS, Inc., Chicago, IL, USA). Continuous variables are reported as the mean ± standard deviation. Since patient age may have an association with the levels of certain laboratory indices, including white blood cell count (WBC), erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), these quantitative data were transformed into categorical data (normal or abnormal). Statistical significance was assessed using the Chi-square test or Fisher's exact test for categorical variables, and the t-test and one-way analysis of variation (ANOVA) for continuous variables. The trends in the annual incidences of LP, MPP and S/L-MPP were assessed using a trend test. P<0.05 was considered to indicate a statistically significant difference.
Results
Epidemiological characteristics. Of 18,739 children hospitalized with pneumonia from January 2000 to December 2009, 7,319 were enrolled in this study, of whom 4,282 were boys and 3,037 were girls, corresponding to a male to female ratio of 1.4:1. Of the 7,319 patients enrolled, 823 children (11.2%; 489 boys and 334 girls) were diagnosed with LP, 1,933 children (26.4%; 1,110 boys and 823 girls) were diagnosed with MPP, and 684 children (9.3%; 385 boys and 299 girls) were diagnosed with S/L-MPP.
The annual incidence rates of MPP, LP and S/L-MPP are displayed in Fig. 1 . The annual incidence of MPP showed an overall increasing trend over the 10-year course of the study (P<0.001); the highest incidence was in 2008 (286/896 cases, 31.9%), and the lowest was in 2000 (85/502 cases, 16.9%). The annual incidence of LP and S/L-MPP showed an initial similarly increasing trend (P<0.001), which accelerated after 2005; the highest incidence for both diseases was in 2009 (22.9 and 16.2%, respectively), and the lowest incidence for both diseases was in 2002 (2.0 and 1.7%, respectively).
Among the 823 LP patients observed between 2000 and 2009, of which 83.1% were infected with M. pneumoniae; the highest annual incidence was in 2004 (36/38 cases, 94.7%), and the lowest incidence was in 2001 (9/14 cases, 64.3%). However, a decreasing trend (P=0.028) was observed after 2004 (P<0.001; Fig. 2 ).
Between 2000 and 2009, 1,933 patients were diagnosed with MPP, 35.4% of whom were further diagnosed with S/L-MPP. The highest annual incidence occurred in 2007 (165/277 cases, 59.6%), and the lowest incidence occurred in 2002 (10/157 cases, 6.4%). A significant upward trend was observed in the annual incidence of S/L-MPP in children with MPP (P<0.001), which is similar to that observed in children suffering from general pneumonia (Fig. 3) .
The age of children with MPP ranged from 8 months to 14 years (mean, 6.74±4.12 years), and the age distribution is summarized in Table I . The age distribution in non-S/L-MPP patients was significantly different from the distribution observed in S/L-MPP patients (P<0.001). The incidence of S/L-MPP was higher in children aged 4-6 years (336/684 cases, 49.1%), whereas the incidence of non-S/L-MPP was higher in patients ≥7 years of age (819/1,249 cases, 65.6%).
Clinical and laboratory assessment according to pneumoniae pattern. Clinical data and the initial clinical assessment of the children with MPP are presented in Table I . Relative to the children with non-S/L-MPP (1,041/1,249 cases, 83.3%), those with S/L-MPP (617/684 cases, 90.2%) had a higher rate of fever (P<0.001). Moreover, the duration of the fever for the S/L-MPP group (mean, 4.13±4.28 days) was significantly longer than that observed in the non-S/L-MPP group (mean, 3.02±2.22 days, P=0.028). Additionally, the duration of coughing was longer in the S/L-MPP group; however, this difference in duration was not found to be statistically significant (mean, 9.43±7.62 vs. 7.86±5.92 days, P=0.084). Extrapulmonary manifestations, including erythematous maculopapular rash, liver and kidney function lesions, and neurological complications, occurred in 444 MPP patients (22.3%). The results show that the incidence of extrapulmonary manifestations was significantly higher in children with S/L-MPP (179/684 cases, 26.2%) than in children with non-S/L-MPP (265/1,249 cases, 21.2%; P=0.013). The S/L-MPP group showed a higher rate of abnormal WBC counts (P<0.001) and CRP levels (P=0.002) relative to the non-S/L-MPP group. Nasopharyngeal swab or sputum specimen cultures detected pathogens in 1,174 MPP patients, and 326 (27.8%) of these patients were co-infected with bacteria, including Klebsiella pneumoniae (112 cases, 34.4%), Streptococcus pneumoniae (92 cases, 28.2%), Escherichia coli (67 cases, 20.5%), Staphylococcus aureus (30 cases, 9.3%) and other pathogenic bacteria (25 cases, 7.7%). The incidence of co-infection with bacteria was significantly higher in children with S/L-MPP (152/475 cases, 32.0%) than in those with non-S/L-MPP (174/699 cases, 24.9%; P=0.008; Table I ).
Radiological imaging demonstrated that segmental/lobar consolidation was mainly located in the lower lung lobe (501 cases, 73.3%), of which 297 cases were located in the right lobe and 204 cases were in the left lobe (Fig. 4) . The incidence of pleural effusion in children with S/L-MPP (27/684 cases, 3.9%) was significantly higher than that in children with non-S/L-MPP (16/1,249 cases, 1.3%; P<0.001). Table I ).
Clinical and laboratory results according to age in S/L-MPP.
The 684 children with S/L-MPP included in this analysis were divided into three groups according to age. The older patients showed a higher rate of fever (P=0.048) and a longer duration of fever (P=0.036) and cough (P=0.040). However, the older patients presented with a lower rate of extrapulmonary manifestations (P=0.017). Based on the laboratory findings, the younger patients had a higher rate of bacterial co-infection than the older patients (P=0.004; Table II ). The findings of the present study suggest that S/L-MPP plays a more significant role in MPP cases than was previously thought. In this study, the mean prevalence of M. pneumoniae infection among children with pneumonia (26.4%) was similar to that in previous studies (3, 5, 24) . Historically, endemic M. pneumoniae disease transmission has been punctuated with cyclic epidemics every 4-5 years (25, 26) . The results of the present study show a similar, albeit less evident, cycle from 2000 to 2009, which could be associated with differences in the region, time and detection methods of the study. The annual incidence of MPP showed a gradually increasing trend from 16.9 to 31.9% in this study, which is similar to that reported in other studies (27, 28) . The age distribution of MPP in the present study was also comparable to the age-related increase reported in the literature (1,5,7) .
Discussion
Generally, M. pneumoniae is considered an atypical bacterium that causes a form of CAP with radiological manifestations of interstitial lung disease and with a very slow and benign course (29) . However, segmental/lobar consolidation has been suggested to occur more frequently in MPP than is generally appreciated (16) . Furthermore, segmental/lobar MPP has been shown to account for 17-76.5% of pediatric cases of MPP and has shown an increasing trend in incidence (6, (16) (17) (18) (19) . In a study conducted in 1978 of 59 patients with documented M. pneumoniae, 20% were found to have a single homogeneous infiltrate that appeared as a bacterial lobar pneumonia (16) . In another large urban survey conducted in 1980, lobar infiltrates were reported in 17% of MPP patients (19) . Esposito et al reported that the lobar/segmental pattern occurred in 35.3% of MPP patients (2-12 years old) in 2001 (18) . In a study conducted in 2004, Phares et al observed that 44% (38/85 cases) of MPP patients had alveolar consolidations (6) . In 2008, Defilippi et al (17) reported that consolidations were the most frequent finding (76.5%, 62/76 cases) in chest X-rays of children with M. pneumoniae infection. Collectively, these studies indicate that the rate of lobar/segmental consolidation in MPP may be increasing each year. The data in the present study show that the incidence of segmental/lobar consolidation was 35.4% in children with MPP and 9.3% in those with pneumonia. The data also show that the annual incidence of S/L-MPP in children with MPP showed a rapidly increasing trend between 2000 and 2009, which was particularly evident after 2003. The highest incidence of S/L-MPP occurred in 2007 accounting for 59.6% of MPP cases and with a slight reduction observed after 2007. A gradual increase in the incidence of the segmental/lobar pattern suggests that severe MPP has increased in the most recent years of the present analysis. Moreover, the majority of LP patients (83.1%) were infected with M. pneumoniae; however, this trend showed a gradual reduction after 2004. The reasons for these observed trends are complex. Mixed infection (7, 26, 30) The data in the present study show that S/L-MPP predominantly occurs in pre-school-aged children (4-6 years old, 56.6%). M. pneumoniae is considered to be the primary causative agent of pneumonia in children aged 5-10 years (7) and has also been recognized as the primary causative agent of pneumonia in pre-school-aged children (27) . Typically, an age-related increase in the incidence of pneumonia due to M. pneumoniae infection is observed (33, 34) . Additionally, Wu et al reported that in 1,009 children <18 years of age who were hospitalized for LP or pneumococcal pneumonia, 64% were <5 years of age; the age-specific incidence increased gradually and was highest in patients between 4 and 5 years of age, after which the incidence decreased yearly (35) . In the present study, the age distribution of S/L-MPP intersected with that of MPP and LP, indicating that children <7 years of age with MPP could be more likely to present with an accompanying severe pulmonary lesion. This age distribution differs from that reported in a study conducted in Korea by Youn et al (20) , in which the frequency of S/L-MPP was significantly higher in patients ≥6 years of age (69.1%) when compared with patients between 2 and 5 years of age (40.7%) or patients <2 years of age (20.7%). This difference in the age-specific incidence may be associated with differences in age grouping, region, number of patients studied and the condition of the patients (particularly in older children).
The typical chest X-ray manifestation of MPP is a subsegmental patchy interstitial or alveolar (or both) infiltrate in one or more areas that occasionally occurs bilaterally (19) . In the present study, it was observed that S/L-MPP is more often unilateral (86.5%) and confined to the lower lobes (73.3%, especially in the right), which differs from an earlier study on unilateral occurrence (35 and 50%) in the lower lobes (50.0%) (34) . Pleural effusion is an unusual observation in MPP. In the present study, the incidence of pleural effusion among MPP patients (2.2%) was lower than that previously reported (5-20%) (34); however, the incidence in S/L-MPP patients (3.9%) was significantly higher than that of non-S/L-MPP patients (1.3%), suggesting that S/L-MPP is associated with more severe pulmonary lesions.
MPP is referred to as walking or atypical pneumonia, and the degree of consolidation may exceed what would be expected based on the severity of the clinical manifestations. Consistent with a previous study, the present study shows that relative to non-S/L-MPP, S/L-MPP is associated with more severe manifestations, including fevers of higher grade and longer duration, longer durations of cough, increased incidence of pleural effusion and additional extrapulmonary manifestations (20) . Furthermore, it was found that younger children with S/L-MPP had a greater rate of febrile and extrapulmonary manifestations and a reduced duration of fever and cough. Anerythematous maculopapular rash was the most common extrapulmonary manifestation, whereas neurological complications were rare. These results suggest that S/L-MPP is associated with more severe clinical manifestations, particularly in younger children.
A clinical study has reported that children with S/L-MPP have significantly lower WBC and lymphocyte counts but higher CRP levels than children with bronchopneumonic patterns (20) . However, consistent with another study, the present study shows that S/L-MPP is associated with higher rates of abnormal WBC counts and CRP levels than non-S/L-MPP (36) . Furthermore, the increased rate of abnormal WBC counts (72.2%) may be associated with the increased febrile rate and co-infections in the younger patients. Co-infection with S. pneumoniae is present in >30% of M. pneumoniae CAP patients (27, 30) . In the present study, 27.8% of MPP patients were co-infected with another pathogen, and the most common co-infectious agent isolated was K. pneumoniae; however, S. pneumoniae has not been reported as a co-infectious agent (27) . In the present study, S/L-MPP patients showed a higher rate of bacterial co-infection (32.0%) than non-S/L-MPP patients (24.9%), and this was particularly evident in children <3 years of age (44.9%). Extensive microbiological testing was not conducted, therefore the possibility that some children could have been co-infected with Chlamydia or a viral pathogen (27) cannot be excluded. Children with S/L-MPP in the present study had a longer duration of hospitalization and a higher rate of antibiotic combination therapy than those with non-S/L-MPP. Generally, lobar/segmental consolidation on chest radiographic findings is considered to be an air-space disease (10) , which is a severe pathological manifestation in patients with MPP. Taking into account the severity of the illness, the antibiotic resistance patterns and comorbid conditions, empirical antibiotic combination therapy was relatively frequent in patients with S/L-MPP.
The limitations of this study include the fact that the study subjects only included those who were diagnosed with pneumonia by radiographic analysis, which is typically performed on patients with more severe clinical manifestations. The subjects enrolled in this study could have had more severe clinical and pathological manifestations than patients who do not typically undergo a chest X-ray, which may have contributed to a case-selection bias. Another limitation is the fact that M. pneumoniae cultures and serological PCR were unavailable; therefore, serological M. pneumoniae IgM and nasopharyngeal PCR may have produced false negative and false positive results.
In conclusion, it was found that a segmental/lobar pattern existed in 35.4% of MPP patients, and the annual incidence of S/L-MPP has increased in recent years. The incidence of S/L-MPP was the highest in pre-school children aged 4-6 years, in whom S/L-MPP presents with more severe clinical manifestations than non-S/L-MPP. With knowledge of these new epidemiological characteristics, clinicians are recommended to consider empirical antibiotic-combination treatment for MPP, particularly in pre-school-aged children.
